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Damp housing and childhood asthma; respiratory
effects of indoor air temperature and relative humidity
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From 'the Department of Community Medicine, University of Edinburgh; and 2the Building Research
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ABSTRACT In a questionnaire survey of a random sample of 1000 children aged 7 years, a
significantly greater proportion of those living in homes reported as damp were affected by wheeze
(22% v 11%), day cough, night cough, and chesty colds. Simultaneous estimation of relative
humidity in the bedrooms of 778 children and continuous 7 day recordings of ambient temperature
and humidity in a stratified sample of 317 bedrooms showed no association with the same respiratory
symptoms. No correlation was found between bedroom conditions and baseline ventilatory function
or excercise induced reduction in FEV1 . These results run counter to the widely held beliefthat indoor
temperature and humidity are important determinants of respiratory ill health, although they do not
directly exclude effects due to mites or moulds, whose survival is determined by the humidity of their
respective microenvironments.

Problems of condensation and dampness in the home
are a common cause of complaint' and recent surveys
in Scotland2 and England3 estimate that between one
quarter and one third of homes may be affected to
some degree. There is widespread public concern that
housing is a cause of respiratory ill health,4 and in
some areas dampness is perceived as the public health
issue most in need of investigation.5 Although many
symptoms might be related to cold, damp conditions,
biologically plausible mechanisms are most readily
invoked for those related to asthma. Cold air may be a
direct trigger of attacks of bronchospasm and the
survival ofboth house dust mites6 and fungal moulds7
depends upon high levels of ambient humidity in their
respective microenvironments. On the other hand,
viral respiratory infections may be more important
than aeroallergens as precipitating causes ofasthmatic
symptoms in children, even among atopic subjects.8 9
Raised ambient humidity may promote the survival of
viruses in droplet spray,'0 1 although the seasonal
pattern of such infections has been interpreted as
demonstrating more efficient transmission in
conditions of low relative humidity.'2

Epidemiological associations between damp
housing and respiratory symptoms have been reported
in both adults' and children.5 14 5 No association
with damp housing was found when general
practitioner records were used in place of parental
reports ofsymptoms in children, raising the possibility
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of reporting bias.'5 However, in areas of local
authority housing, associations have been
demonstrated between respiratory symptoms in
children and independent assessments of dampness'
or ambient humidity'4 in the home.
The aim of our study was to investigate this

relationship in a general population sample and to
obtain, as far as possible, objective indicators of both
disease and exposure. Seven year old children were
chosen because they were old enough to cooperate
with tests of ventilatory function, yet sufficiently
young for active smoking to be unlikely. Furthermore,
respiratory symptoms attributable to asthma are
highly prevalent at this age.'6

Methods

A random sample of one in three primary schools
within the Edinburgh city boundary was chosen. The
parents of all children in their third primary school
year (age 6j to 71 years) were contacted in a postal
questionnaire survey in November 1986. This
enquired about respiratory symptoms experienced by
the child in the past year, and about conditions in the
home, with particular reference to heating and
ventilation in the child's bedroom, condensation on
windows, condensation or damp patches on walls, and
visible mould growth. Consent was requested for
further studies in the home, and for medical tests on
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the child at school. The study received ethical approval
from the Lothian Health Board and Lothian Regional
Council Education Department.
The clinical tests were performed at school over the

period January to June 1987 and included
measurements of ventilatory function by
pneumotachograph (Vitalograph "Compact",
Vitalograph Ltd, Buckingham, UK), supervised by
one observer (DPS) according to the American
Thoracic Society protocol.'f Spirometry was
performed in the standing position, without noseclips.
Measurements were taken before, and 5 and 10 min
after a period of 6 min free running in corridor or
classroom, taking the best of three recordings on each
occasion, according to the criteria of the American
Thoracic Society.'7 All measurements were corrected
to body temperature and pressure saturated (BTPS).
Baseline spirometry was adjusted for standing height
by using in the analysis the deviation of each subject's
reading from the regression line of the relevant
spirometric index against height among all children
tested.
The reduction in forced expiratory volume in one

second (FEVI) which occurred after excercise was
expressed in terms of a lability index. This was
calculated as the minimum of the two post excercise
FEV, measurements divided by the FEVY obtained
before exercise.18 Data on within-subject variability of
FEVY in the same population suggested that a lability
index less than 0-8 would be obtained by chance alone
in only one child in one thousand. Such a value
therefore indicates genuine exercise induced
bronchospasm. For those asthmatic children receiving
only 82-agonist or cromoglycate inhalers, tests were
performed at least 6 h after the last dose of
bronchodilator treatment. The results from 11
children taking inhaled steroids or oral therapy for
asthma were treated separately.

In mid January, participating families received a
3" x 1" x 1" block of ramin hardwood, with
instructions to place the block in the child's bedroom
for 7 d and then return it in a sealed plastic bag to a
collection box in the classroom. The moisture content
ofeach block was determined within 48 h ofcollection
by an electrical conductance meter (Protimeter
"Diagnostic Mark III", Protimeter plc, Marlow, UK).
The blocks were then allowed to equilibrate together
at 55% relative humidity for 10 d, and their moisture
content was reassessed. The difference between the
two moisture content readings was used as a
semiquantitative estimate of the relative humidity of
each child's bedroom during the week of the survey.
Subsequent validation of this method, by placing a
similar block beside each thermohygrograph in the
field studies described below, suggested that an
estimate of mean weekly relative humidity derived
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from the wood block survey would have a coefficient
of variation of approximately 10% in the range 50%
to 70% relative humidity.

All homes in the top quintile of humidity, as
estimated by the wood block survey, and a sample of
the remainder, comprising all the participants in eight
of the larger schools, formed the target sample for
more detailed measurements of temperature and
relative humidity in the child's bedroom. Continuous
7 d recordings were charted on slowly moving drum
thermohygrographs (Casella Ltd, London), which
monitor temperature by bimetallic strip and relative
humidity by changes in the length ofa specially treated
human hair. Each instrument was placed away from
direct sunlight and heating appliances, and was
calibrated in situ at the end of the week's recording by
wet and dry bulb thermometer readings from an
aspirated psychrometer. Thermohygrograph charts
were digitised for computer analysis and hourly, daily
and weekly mean values for temperature and relative
humidity were calculated. Vapour pressure, a measure
ofthe actual water content ofthe air, was derived from
temperature and relative humidity using standard
formulas. 19
The home monitoring took place during the period

January to April 1987, when mean weekly outdoor
temperature ranged from - 3 to + 13°C, and mean
weekly outdoor vapour pressure from 4 to 11 mb. It
was therefore necessary to consider how each
recording could be adjusted for climatic variations. At
the start of the fieldwork, five "core" homes were
chosen, which represented the range of bedroom
relative humidity expected in the sample. The child's
bedroom in each of these five homes was monitored
continuously for the 4 months of the survey, and the
indoor recordings were related to daily means for
outdoor temperature and relative humidity, as
recorded by the Metereological Office at Turnhouse
Airport on the western outskirts of the city. The
response of bedroom conditions in the "core" homes
to climatic variations over the period of the study was
used to derive an adjustment procedure for the
temperature and relative humidity recordings in the
remaining homes.

Relative humidity is a function of both vapour
pressure (which reflects absolute humidity) and
temperature (which determines the saturation vapour
pressure at which condensation will occur). The
relationship between indoor relative humidity and
outdoor conditions is complex, depending upon the
respective temperatures and vapour pressures. Thus in
well heated bedrooms relative humidity was lower in
colder weather, reflecting the lower outdoor vapour
pressure usually found during the winter. However, in
poorly heated bedrooms the relative humidity was
higher during the winter, because it was determined by
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the indoor temperature which varied to a greater
extent with external conditions.

Using daily means from each "core" home, the
relationship between indoor and outdoor vapour
pressure was close to linear, with a regression
coefficient in each home of approximately 0-6, so this
coefficient was used in the adjustment procedure. The
relationship between daily means for indoor and
outdoor temperature for the same homes was more
complex. The warmest bedroom was maintained at
approximately constant temperature, regardless of
weather conditions. On the other hand, the
temperature of the coldest bedroom (which was
unheated) was highly sensitive to external
temperature. The remaining three bedrooms showed
intermediate patterns, depending upon the efficiency
of the heating and the temperature threshold at which
it was used. The regression lines for indoor upon
outdoor temperature in each "core" home were
therefore of different slope, but tended to converge at
the point corresponding to indoor temperature 22°C,
outdoor temperature 20°C. The adjustment procedure
adopted was therefore:

VPA = VPI + 0-6(9-VPo)
TA = T1 + (22-Ti )(10-To)

(20-To)
Subscripts A, I and 0 denote adjusted indoor,
measured indoor, and the concurrent outdoor
recordings, respectively. Adjusted relative humidity
was derived from the adjusted values for vapour
pressure and temperature, using standard formulae. 19
The constants in the adjustment procedure were
chosen to standardise all measurements to outdoor
conditions of 10°C and 9 mb, which are close to the
annual mean temperature and vapour pressure at
Turnhouse Airport.
An ideal adjustment procedure would yield adjusted

indoor conditions which remained constant for each
home, regardless of climatic variation. Following the
adjustment procedure adopted, there remained a weak
correlation with outdoor conditions, which is unlikely
to influence the results substantially. For the five
"core" homes, the correlation between weekly means
for adjusted indoor temperature and outdoor
temperature was + 0-27, between adjusted indoor
relative humidity and outdoor temperature - 0-22,
and between adjusted relative humidity and outdoor
vapour pressure -0-15. Pooled estimates ofthe within
homes variability of adjusted weekly means for
temperature, vapour pressure and relative humidity,
expressed as a coefficient of variation, were 4-2%,
7-6% and 6-0% respectively.

Statistical analysis of the thermohygrograph data
was performed using SPSS-X.20 The GLIM statistical
package2' was used for logistic regression analyses of

symptoms against adjusted temperature and relative
humidity.

Results

The parents of 1095 children received a questionnaire,
and usable replies relating to respiratory symptoms
and dampness and mould in the home were obtained
from 1000 (91%). Consent to further participation
was obtained for 941 children (86% of the original
sample), and of these, 778 (83%) satisfactorily
returned a ramin block. The prevalence of symptoms
and housing characteristics were found to be similar
among those who did and did not complete this stage
of the survey.
During the week of the wood block survey, mean

outdoor temperature was + 1°C and mean vapour
pressure 56 mb. Snowy conditions resulted in the
closure of a few schools, contributing to the
incomplete response at this stage, but,
advantageously, the cold weather probably
accentuated differences between well heated and
poorly heated bedrooms in respect of ambient relative
humidity. Moisture content varied from less than 9%
(the limit of detection of the instrument) to 20%,
equivalent to a range of relative humidity from less
than 45% to over 80%. The distribution was skewed
to the right, with a long upper tail, mainly from rented
housing. The upper quintile of moisture content
consisted of values above 13% (equivalent to
approximately 65% mean relative humidity).
During the subsequent 4 months, an attempt was

made to visit the bedrooms of 377 children.
Measurements were taken in 330 homes, and usable
recordings of both temperature and relative humidity
were obtained for 317 (84%) of the subsample. These
comprised 156 owner occupied and 161 rented homes,
and included 131 bedrooms from the top quintile of
the distribution of estimated relative humidity. Mean
weekly temperatures as recorded ranged from 5-8 to
22-9°C; after adjustment the distribution was
approximately normal with mean 17 8°C and standard
deviation 1-8°C. Mean weekly relative humidity as
recorded ranged from 28% to 77%; after adjustment
the distribution was approximately normal with mean
53% and standard deviation 6-5%.
The relationships between the adjusted weekly

means for temperature and relative humidity and
various characteristics of the child's bedroom, as
reported in the questionnaire, are shown in table 1.
Multiple regression modelling, with a stepdown
approach, was used to determine the extent to which
adjusted temperature and relative humidity could be
predicted by questionnaire information. A model
including day heat, night heat, open window, and
condensation on windows accounted for 14 6% of the
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Table 1 Mean adjusted temperature and relative humidity in child's bedroom by occupancy, heating, ventilation, dampness and
mould growth.

Number Adjusted Adjusted
of homes temp (CC) t R H (%) t

Child shares bedroom No 128 18-1 51 5
Yes 189 177 -15 538 10

Heat in bedroom None 113 17-1 l 534
during winter Night only 104 17 8 f 545 f
months 3-8 -2-6

Day only 41 186 505
Day & night 59 18 7 f 507 f

Window usually No 277 17 9 53 0
open at night Yes 40 17 7 -0-7 52-1 -0-8

Condensation No 90 18 5 51 5
forms on window Yes 227 17 5 -4-6 53-5 25

Condensation or No 270 17 9 54-3
damp on walls Yes 37 17-2 - 2-4 56 7 3-8

Patches of No 289 17 9 52 5
mould or fungus Yes 28 17 4 - 12 56-7 3-2

Student's t tests for difference between means have 315 df.

variance in adjusted mean weekly temperature. heat, and dampness on walls. However, together these
Inclusion oftenure as a further predictor improved the accounted for only 10% of the variance in adjusted
model slightly, then explaining 16-4% of the variance. relative humidity. By comparison, moisture content as
For adjusted relative humidity, the significant measured in the wood block survey accounted for
predictors were: children sharing the room, daytime 24% of the variance. Although the 37 bedrooms

Table 2 Prevalence (%) of respiratory symptoms by dampness and mould in the home

Damp patches on valls Patches of mould/fungus

None Other Child's None Other Child's
Symptom room bedroom room bedroom

In past month (Nov)
Wheeze 3-9 70 98 41 64 143t

Kept awake at night Any night 16 9 27 4* 41-0t 18-1 23-4 38Ot
by cough 3+ nights 10-7 111 311It 117 128 214

Troubled by cough Any day 19-7 28-6 36-7t 20-2 27 7 415t
during day 3+ days 14-8 185 259* 153 170 26-3

Blocked or running nose Any day 34-3 44 2 46-7 34 5 44-7 57-1t
7+ days 138 17-3 172 13-3 23-4 26.3*

In past year
Wheeze 106 20-9t 24-6t 10-5 23-4* 38 1t

Colds going to chest 15 3 25-6* 37-3t 15 6 32-6t 43-6t

Sore throat 50-8 60-0 56-7 52 1 46-7 550

Ear pain/discharge 23-8 32 1 18 3 23-1 35-6 30-8

Hay fever 9 7 14-3 8-9 9-8 20-0 7 9

Numbers of children 853 86 61 911 47 42

Significance tests for difference from prevalence in unaffected homes:
* p<0-05; t p<0.1; t p<0001
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reported to be damp were, on average, more humid,
only 17 were in the top quartile of adjusted relative
humidity; nine were below the median of this
distribution.
The questionnaire data revealed a strong

association between cough, wheeze and chest colds
experienced by the child over the past year and reports
ofdampness or mould growth in the home (table 2). In
contrast, no association was found between damp or

mould and symptoms attributable to the upper
respiratory tract, with the exception of nasal
discharge. The analysis ofthese relationships and their
association with other features of the home
environment will be reported in greater detail
elsewhere. In this paper, we concentrate upon the
relationships between objective measurements of
bedroom conditions and respiratory symptoms,
ventilatory function and bronchial lability to exercise.

Table 3 shows the prevalence of each symptom by
quintiles of relative humidity, as assessed
semiquantitatively by wood block moisture content.
Although this was a relatively imprecise surrogate

measure of bedroom conditions, it permitted the
simultaneous ranking of the humidity in a large
number of homes, free from the assumptions implicit
in the adjustment of thermohygrograph recordings.
No symptom had a significant positive relationship
with moisture content, nor was there clear evidence of
an increase in prevalence in the top quintile. For
hayfever, there was an inverse association which
reached significance at the 5% level, but in view of the
multiple comparisons being made, this significance
test should be interpreted with caution.

Table 4 expresses the relationship between the same
symptoms and the thermohygrograph recordings, in
terms of the mean adjusted temperature and relative
humidity values for the bedrooms ofchildren with and
without each symptom. The differences in bedroom
conditions between symptomatic and asymptomatic
groups were small and, in every case failed to reach
conventional levels of statistical significance. The
comparison ofmean values might be misleading if the
true relationship between home conditions and
symptoms were curved rather than linear. Logistic

Table 3 Prevalence (%) ofsymptoms by quintiles ofbedroom relative humidity (simultaneous estimation from the moisture
content of 778 wood blocks)

Quintiles of moisture content x2for x2
(low) (high) 5 v 1-4 for trend

Symptoms 1 2 3 4 5 (I df) (I df)

In past month (Nov)

Night cough (any) 18-8 21-5 14-5 16-9 24-1 2-6 0-4
Day cough (any) 21-5 26-4 18-1 21-6 23-7 0-2 0-0
Running nose (any) 37-5 38-2 33-3 38-6 33-3 0-6 0-5

In past year

Wheeze 10-6 13 8 12-3 16-2 8-9 1-8 0-0
Colds to the chest 15-7 20-1 12-4 14-1 20-0 1-5 0-1
Sore throat 53-8 47-2 54 0 52-0 55-2 0-4 0-3
Ear pain/discharge 23-7 28-1 24-3 22-4 20-9 0-7 0 9
Hay fever 13-4 15-2 6-0 9-5 8-0 0-7 4-3

Table 4 Mean adjusted temperature and relative humidity in bedrooms of children with and without respiratory symptoms

Mean adjusted temp ('C) Mean adjusted relative humidity (%)

No With No With
Symptom symptoms symptoms t symptoms symptoms t

In past month (Nov)
Night cough (any) 17 94 17 51 -1 9 52-74 53 34 0 7
Day cough (any) 17-91 17-55 -1-5 5265 53 65 12
Running nose (any) 17-72 1802 1-4 53 30 52-11 -1-5

In past year
Wheeze 17 88 17 51 -1 3 52-73 53-87 1 1
Colds to the chest 17 88 17 65 -0 9 53 00 52-53 -0-5
Sore throat 17 81 17 85 0-2 52-64 53 09 0-6
Ear pain/discharge 17-80 17 89 0-4 52-67 53 51 1-0
Hay fever 1778 1832 1-4 5299 5169 -0-9

Student's t tests for differences between means have 315 df.
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regression modelling was therefore performed to
investigate departures from linearity. For no symptom
did the inclusion ofquadratic terms for temperature or
relative humidity substantially improve the model.
The relationship between adjusted temperature and

relative humidity and height adjusted FEV, before
exercise was assessed. Treating each variable as a
continuous measurement, small and insignificant
correlations were found with temperature
(r = - 0-02), and relative humidity (r= -0.06). A
range of other ventilatory function indices, including
FEVO.5, FEVO.5/FVC, FEVI/FVC, FEF25-75% and
FEF7585% and PEFR, were studied in a similar
manner. These measures proved less repeatable than
FEVY in our study population, and their relationships
with temperature and humidity were similarly
tenuous.
A satisfactory exercise test was completed by 314 of

the 317 children whose homes were monitored. The
remaining three children were tested on treatment (one
on oral theophyllines, two on inhaled steroids).
Exercise induced bronchial lability was analysed both
as a dichotomous variable and as a continuous
outcome. When a cut off point of 0-8 was used to
define post exercise bronchospasm, the prevalence of
abnormality was 5-4% (17/314). Mean adjusted
temperature was 17-78°C among the 17 children with
bronchospasm, and 17-820C among the remainder
(t= - 0-03, 313 df). Corresponding mean adjusted
relative humidity levels were 53 2% and 52-8%
(t= 0- 19, 313 df). The correlations between lability (as
a continuous variable) and bedroom conditions were
similarly weak; r= - 0-02 for temperature, and
r= - 0-09 for relative humidity. The mean adjusted
temperature and relative humidity in the bedrooms of
the three excluded children were 17-670C and 47 3%,
respectively.

Discussion

Those studies that have specifically addressed the
relationship between respiratory disease and
dampness in the home generally agree with our finding
of an association between reported dampness and
cough and wheeze in children.5 15The strength and
specificity of the relationships that we demonstrate in
this sample of the general population warrant
attention. Associations with upper respiratory
symptoms were generally weak, but the prevalence
ratio for wheeze was of the same order as that found in
associations with hayfever or eczema in this age group,
and much greater than previously described for any
other environmental factor.22 23
On the other hand, ifdampness in widely held to be

a cause of ill health by the general public, associations
based entirely on questionnaire information must be
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considered prone to reporting bias. This could operate
in two ways; parents of symptomatic children may
become more aware of adverse home conditions, or
parents who are already aware of dampness in their
home might more readily report symptoms in their
children. "

Martin et al 5 validated reports of dampness using
independent assessments by environmental health
officers, and found a high degree of concordance.
Their approach is attractive in that it considered
dampness in its entirety, using criteria which decide
priority for rehousing. However, such a global
assessment may be less useful where the aim is to set
quantitative building standards.24 It is unclear to what
extent observers might be influenced by comments or
guidance from the householders, nor how their
assessments varied with season. The number of
children studied was small and without information
about their age distribution, it is difficult to interpret
the reported association between dampness and
respiratory symptoms, which was only significant
when a combination of both upper and lower
respiratory symptoms was considered.

Melia et al"4 used thermohygrographs similar to
ours, although they did not control for climatic
variation. The humidity levels reported were higher
than we recorded in Edinburgh homes, but this may be
due to exceptionally low levels of outdoor vapour
pressure during the winter months of our study. They
found a significant excess of lower respiratory
symptoms in the children with the most humid
bedrooms, but these data relate to only 44% of their
target sample. It is possible that families who were
aware of both dampness and respiratory problems
were more likely to have responded to their survey,
and because the information about symptoms was
collected after the thermohygrograph recordings, no
assessment of such bias was possible.

In the present study, an encouraging response was
achieved from a sample of the general population, and
non-response bias appeared to be minimal. The choice
of objective criteria for both disease and outcome
allowed us to address both types of reporting bias
mentioned above. The interpretation of our negative
findings rests upon the validity of the objective indices
chosen and the power ofthe study to detect true effects
of a magnitude which would be considered of public
health importance. Related to both these issues is the
effect of random errors in the measurements which
will attenuate real associations and reduce the power
of significance tests. An additional consideration may
be the effect of chronic respiratory disease in the child
upon parental decisions about heating and ventilation
in the child's bedroom. In this regard, it is relevant to
note that no excess of symptoms was observed in the
warmest, driest bedrooms.
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Wheeze was one ofthe less prevalent symptoms, but
the one which might be expected to show the closest
association with humidity. With a true overall
prevalence of 12% for wheeze in the past year, a

difference between a prevalence of 6% in the lowest
tertile of temperature or relative humidity and 18% in
the top tertile might be of considerable research and
policy interest. The study of 317 homes had a power of
77% to detect such a trend as significant at the 5%
level, and correspondingly greater power for more

prevalent symptoms. Furthermore, many of the
observed differences in temperature and relative
humidity between symptomatic and asymptomatic
groups were close to zero, implying that a very much
larger study would have been required to demonstrate
them as statistically significant. The public health
importance of such minimal effects must be
questioned.
On biological grounds, the most plausible causal

links between dampness and respiratory disease
implicate functional abnormalities of the airways,
resulting from increased exposure to airborne
allergens or intercurrent infections. Assessment of
bronchial lability by exercise proved highly acceptable
to the children, and, being a common physiological
stimulus, carried intrinsic validity. Although the
prevalence of unequivocal abnormality was rather
low, the analysis of lability as a continuous variable
permitted a more powerful test of environmental
effects. It is possible that a pharmacological
challenge25 would provide a more sensitive test of
airways reactivity which might correlate more strongly
with housing conditions. In view of the negative
relationships between bedroom temperature and
humidity and symptoms attributable to asthma, we

consider this unlikely.
Ambient relative humidity was readily monitored in

an objective and standardised manner, but limited
equipment and manpower inevitably resulted in
recordings spread over a number of weeks. This is the
first study to attempt an adjustment for climatic
variation, but, strictly, our procedure may not be
generalisable beyond the five homes from which it was
derived. The additional analyses using a simultaneous
semiquantitative estimate of relative humidity goes
some way towards meeting such reservations.
A more serious limitation of our findings is that

airborne humidity may be a poor indicator of
biologically relevant exposure. House dust mites
thrive in homes considered to be damp,26 but it is
reasonable to suppose that this is because the relative
humidity in soft furnishings is influenced by the
ambient humidity of the room.6 We found that
reported dampness was not a good predictor of
humidity ranking, probably because the formation of
patches of condensation on walls depends upon the

temperature of the wall (reflecting the efficiency of
insulation) as well as the humidity of the air in the
room. The relative humidity of the cold or moist
indoor microenvironments suitable for mould growth
may be poorly represented by measurements of the air
in one room of the house. In a case-control study of
adult asthma, visible mould in the home was reported
more commonly by cases,27 and in the questionnaire
survey that we report here, associations with reported
mould were generally stronger than with dampness.
The investigation ofreporting bias in this context is the
subject ofongoing studies of airborne fungal spores in
selected homes from the same population sample.

The fieldwork was completed while DPS held a
Wellcome Research Training Fellowship, and was
supported by funds from the Asthma Research
Council. Our thanks are due to Ms B Somerville and
Ms A Calderwood for assistance with the
thermohygrograph survey, and to Ms P Ross for
assistance with the medical examinations. We are
indebted to the Metereological Office for providing
daily temperature and relative humidity recordings
from Turnhouse Airport.
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